1. Introduction {#sec1}
===============

Autologous platelet-rich gel (APG), prepared from whole blood, is a mixture of platelet-rich plasma (PRP), calcium, and thrombin. APG has been used to treat refractory diabetic dermal ulcers for several years. And it turns out to be effective in improving the healing of ulcers \[[@B1], [@B2]\]. Risk of infection decreases after the use of APG on surgical wounds, in addition to its effect on facilitating healing \[[@B3]\]. One study has revealed the antibacterial activity of APG against *Staphylococcus aureus* \[[@B4]\], and similar results have been shown in our previous research \[[@B5]\]. But in previously published studies outcomes about antibacterial activities of APG against other bacteria (such as *Klebsiella pneumoniae*, *Enterococcus faecalis*, and *Pseudomonas aeruginosa*) are different. And no research has revealed the effects of APG from diabetic ulcer patients. The purpose of the study is to investigate the antibacterial activity of APG (from diabetic patients with dermal ulcers) against *Staphylococcus aureus*, *Escherichia coli*, and *Pseudomonas aeruginosa* in vitro.

2. Materials and Methods {#sec2}
========================

2.1. Patients {#sec2.1}
-------------

Sixteen patients with diabetic dermal ulcers, 11 men and 5 women, with an average (mean ± SD) age of 61 ± 10 years, were enrolled. The mean duration of diabetes was 8 ± 4 years. The mean HbA1c was 8.8 ± 2.2%. Antibiotics were used intravenously because of clinical importance, and peripheral venous blood was drawn about 8 to 12 hours after antibiotics were used the last time. This study was approved by the ethics committee of West China-hospital. Informed consent was signed and obtained from all subjects.

2.2. Preparation of APG {#sec2.2}
-----------------------

EDTA disodium salt anticoagulated whole blood was obtained from the 16 subjects. Following centrifugation at 313 ×g for 4 minutes, erythrocyte concentrate was removed. PRP and PPP were prepared by centrifugation (1252 ×g) for 6 minutes from the remaining plasma. Thrombin (Heilongjiang Dilong Pharmaceutical Co., China) and calcium gluconate (Sichuan Beauty Sport HuaKang Pharma Co., China) were added to PRP; the gel-like mixture is called APG \[[@B6]\].

2.3. Determination of Platelet and Leukocyte Counts {#sec2.3}
---------------------------------------------------

Platelet and leukocyte counts were measured in samples of whole blood and PRP. Platelet enrichment degree \[[@B7]\] was calculated to evaluate the efficiency of the PRP production.

2.4. Evaluation of Antibacterial Activity {#sec2.4}
-----------------------------------------

*Staphylococcus aureus* (ATCC6538), *Escherichia coli* (ATCC8099), and *Pseudomonas aeruginosa* (ATCC15422) (provided by West China School of Public Health, Sichuan University, China) were used to evaluate the antibacterial activity of APG. Bacteria incubated for 24 hours were diluted with sterile PBS; final bacterial count was 10^7^ colony-forming units (CFU)/mL.

Experimental samples were divided into six groups: Group 1 (APG), Group 2 (APG-APO), Group 3 (PRP), Group 4 (PPP), Group 5, and Group 6 (PBS) ([Table 1](#tab1){ref-type="table"}). The APG-APO group was added with apocynin (Sigma-Aldrich Co., USA) to block the possible antibacterial activity of leukocyte \[[@B7]\]. In the PRP group, no thrombin was added to activate the platelets. The PPP group was designed to exclude the antibacterial activity of antibiotics used before when compared to the APG and APG-APO groups. The 5th and 6th groups (PBS1 and PBS2) were designed as the double-blank control. The final bacterial count in each tube was 10^6^ CFU/mL.

After 0, 1, 4, 6, 8, 12, and 24 h, a 0.05 mL sample was taken from each tube. Serial 10-fold dilutions of each sample were made, and 20 uL samples were plated on Mueller-Hinton plates (Beijing Land Bridge Tech Co., China). After 24 h incubation at 37°C, the number of viable bacteria was determined.

The antibacterial rate was calculated using the following formula \[[@B5]\]: $$\begin{matrix}
\text{antibacterial\ rate} \\
{\quad\quad = {\,\,}\frac{\text{bacteria counts} - \text{bacteria counts in control group}}{\text{bacteria counts in control group}}.} \\
\end{matrix}$$

2.5. Statistical Analysis {#sec2.5}
-------------------------

The data are reported as mean ± standard deviation. Analysis was performed in SPSS 13.0, using repeated measures analysis for antibacterial activity and one-way ANOVA followed by Tukey\'s test for platelet count. A value of *P* \< 0.05 indicates statistical significance.

3. Results {#sec3}
==========

3.1. Platelet and Leukocyte Counts {#sec3.1}
----------------------------------

The average volume of blood obtained from subjects was 45 mL, and an average of 4.5 mL PRP was harvested. The platelet count was (242.56 ± 72.33) × 10^9^/L in whole blood, while (1968.8 ± 874.58) × 10^9^/L in PRP with an average 8.1-fold enrichment of platelet concentration after the processing (*P* \< 0.05), about (78.56 ± 20.79)% platelet enrichment degree. The leukocyte count of PRP was (5.75 ± 1.46) × 10^9^/L, similar to (5.58 ± 5.89) × 10^9^/L in whole blood.

3.2. Antibacterial Activity {#sec3.2}
---------------------------

### 3.2.1. Bacterial Counts of *Staphylococcus aureus* over 24 Hours {#sec3.2.1}

Bacterial counts in the APG and APG-APO groups showed a rapid and pronounced decrease compared to PBS group in the first 4 hours (*P* \< 0.05) and were still lower than the PBS group in the following 6 hours, although no significant difference was noted (*P* \> 0.05). Compared to PRP and PPP groups, bacteria counts in the APG and APG-APO groups reduced significantly (*P* \< 0.05) during 24 hours. There were no statistical differences between the APG and APG-APO groups (*P* \> 0.05) and between the PRP and PPP groups (*P* \> 0.05) ([Figure 1(a)](#fig1){ref-type="fig"}).

### 3.2.2. Bacterial Counts of *Escherichia coli* over 24 Hours {#sec3.2.2}

Compared to PBS group, bacterial counts in the APG, APG-APO, PRP, and PPP groups significantly decreased (*P* \< 0.05), while no statistical difference was shown among the four groups (*P* \> 0.05) ([Figure 1(b)](#fig1){ref-type="fig"}).

### 3.2.3. Bacterial Counts of *Pseudomonas aeruginosa* over 24 Hours {#sec3.2.3}

Similar to results of *Escherichia coli*, bacterial counts of *Pseudomonas aeruginosa* in the APG, APG-APO, PRP, and PPP groups reduced significantly (*P* \< 0.05) compared to the PBS group, while no statistical difference was shown among the four groups (*P* \> 0.05) ([Figure 1(c)](#fig1){ref-type="fig"}).

### 3.2.4. Antibacterial Rate {#sec3.2.4}

Compared to PBS group, the antibacterial rate of APG against *Staphylococcus aureus* reached 77% in the first 4 hours and slowly declined to 61% at the 24th hour. The antibacterial rate against *Escherichia coli* was between 61% and 91%. APG showed lower antibacterial activity against *Pseudomonas aeruginosa* with antibacterial rate of 41% to 70% ([Figure 2(a)](#fig2){ref-type="fig"}).

Compared to PPP group, the antibacterial rate of APG against *Staphylococcus aureus* fluctuated between 52% and 77% over 24 hours, while the antibacterial rate of APG against *Escherichia coli* and *Pseudomonas aeruginosa* never reached 20% over 24 hours ([Figure 2(b)](#fig2){ref-type="fig"}).

4. Discussion {#sec4}
=============

Antibacterial activity of APG against *Staphylococcus aureus* was revealed in this study. And similar effect of APG-APO is also found. This result is consistent with our previous study \[[@B5]\]. In addition, studies from Moojen et al. \[[@B4]\], Bielecki et al. \[[@B9]\], and Isaly and Beckley \[[@B10]\] indicate the similar antibacterial activity against *Staphylococcus aureus*. Compared to PRP, PPP almost does not have erythrocytes, leukocytes, and platelets, while other plasma components (such as proteins and antibiotics used) are similar to the PRP. In order to exclude the antibacterial activity of antibiotics used, the PPP group was designed as a positive control. Furthermore, apocynin was used to block the possible act of leukocytes on bacteria in this study. In this study, we found that there was obvious antibacterial activity of APG when compared with the PPP group. Similar antibacterial activity of APG and APG-APO makes us conclude that the antibacterial effect is not derived from leukocytes. While compared to PRP, the antibacterial effect of APG is still profound. Because the components in APG and PRP are largely the same, except the extra added thrombin and calcium in APG, there is a reason for the contribution of the antibacterial activity to the activation of platelets.

While considering the effect against *Escherichia coli* and *Pseudomonas aeruginosa*, we revealed that similar antibacterial activity is found in the PRP, PPP, APG, and APG-APO groups when compared with the PBS group. Because of the negligible amount of platelets in PPP, the antibacterial activity of PRP, APG, and APG-APO cannot be attributed to the activated platelets and may be contributed to the antibiotics used before.

In fact, platelets play an important part in host-defense system. The abnormality of quantity and quality of platelets can exacerbate infection and increase its related mortality \[[@B11]--[@B15]\]. Thrombin, a strong agonist of platelets, was added in the processing of APG. Although the antibacterial mechanisms of APG are not clear, platelets may be play a role. Activated platelets could not only release various growth factors \[[@B7]\] that play an important role in improving the healing of ulcers, but also secret platelet microbicidal proteins (PMPs) \[[@B16]\]. PMPs contain a series of materials which have antibacterial activity, including platelet factor 4, regulated upon activation of normal T-cell expressed and secreted protein, connective tissue-activating peptide 3, platelet basic protein, thymosin beta-4, fibrinopeptide A, and fibrinopeptide B. PMPs could possibly play a role through the following mechanisms: contacting the bacterial membrane, changing the membrane permeability, entering the cell, and inhibiting the synthesis of big molecules \[[@B16]\].

In conclusion, antibacterial activity of APG against *Staphylococcus aureus* was further confirmed, and the effect may be attributed to the activation of platelets in APG. The effect of APG against *Escherichia coli* and *Pseudomonas aeruginosa* comes probably from previously used antibiotics. Therefore, APG itself may have no antibacterial activity against the two bacteria.

However, it is worth noting that the study in vitro is not as the same that as we meet in clinics, such as hyperglycemia, wound repair damage, and immunology change in diabetic patients with severe foot ulcers. Although decreased infection rate was observed by Kachel \[[@B3]\], more research of the antibacterial activity of APG in vivo should be done.

So far, the antibacterial mechanisms of APG are not clear; further investigation is needed to elucidate them.
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![Effect of APG on the counts of various bacteria ((a) *Staphylococcus aureus*; (b) *Escherichia coli*; (c) *Pseudomonas aeruginosa*). APG: autologous platelet-rich gel; APG-APO: APG combined with apocynin; PRP: platelet-rich plasma; PPP: platelet-poor plasma; PBS: phosphate-buffered saline.](JDR2013-269527.001){#fig1}

![Antibacterial rate of APG against *Staphylococcus aureus*, *Escherichia coli*, and *Pseudomonas aeruginosa* ((a) compared to PBS group; (b) compared to PPP group). *S. aureus*: *Staphylococcus aureus*; *E. coli*: *Escherichia coli*; *P. aeruginosa*: *Pseudomonas aeruginosa*.](JDR2013-269527.002){#fig2}

###### 

Components of each group.

  Content (mL)       1      2      3      4      5      6
  ------------------ ------ ------ ------ ------ ------ ------
  Bacteria           0.1    0.1    0.1    0.1    0.1    0.1
  PRP                0.5    0.5    0.5    ---    ---    ---
  PPP                0.4    ---    0.45   0.95   ---    ---
  Thrombin-calcium   0.05   0.05   ---    ---    ---    ---
  Apocynin           ---    0.4    ---    ---    ---    ---
  PBS                ---    ---    ---    ---    0.95   0.95
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